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In the title compound, C2oH3iCl2N206PSi, the dioxaphospho- 
rinane ring adopts a cis conformation. The silatrane fragment 
forms a cage-like structure in which there exists an intra- 
molecular Si— N donor-acceptor bond. In the crystal, 
centrosymmetrically related molecules are linked by pairs of 
N— H- ■ -O hydrogen bonds into inversion dimers, generating 
rings with graph-set motif RI(8). The dimers are further 
connected into ribbons parallel to the a axis by intermolecular 
C— H- ■ -O hydrogen bonds. 

Related literature 

For the biological activity of 1,3,2-dioxaphosphorinane 
compounds, see: Shi et al. (2006); Sun et al. (2006) and of y- 
aminopropylsilatrane, see: Puri et al. (2011). For the synthesis 
of the title compound, see: Wan et al. (2005). 



Experimental 

Crystal data 

CjoHjiCbNjOePSi 
M, = 525.43 
Triclinic, PI 
a = 10.7738 (12) A 
b = 10.9320 (13) A 
c = 11.2807 (13) A 
a = 111.135 (2)° 
= 95.926 (2)° 

Data collection 

Bruker SMART CCD area-detector 

diffractometer 
6745 measured reflections 

Refinement 

R[F^ > 2a(F^)] = 0.065 

wR{F^) = 0.194 

5 = 1.00 

4720 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



Y = 90.424 (2)° 

V = 1231.2 (2) A' 
Z = 2 

Mo Ka radiation 
fi = 0.42 mm"' 
r = 298 K 

0.20 X 0.15 X 0.08 mm 



4720 independent reflections 
2997 reflections with / > 2a(l) 
Ri„. = 0.033 



291 parameters 

H-atom parameters constrained 
Ap„ax = 0.36 e A"' 
Ap„i„ = -0.35 e A"' 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


N1-H1-03' 


0.86 


2.05 


2.857 (5) 


155 


C6-H6- ■ 06" 


0.93 


2.45 


3.332 (6) 


158 


Symmetry codes: (i) — .i 


. + i,-yH 


-l,-z + 2; (ii)A-H 


h 1,.V,Z. 





Data collection: SMART (Bruker, 2001); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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and Environmental Engineering, Hubei University for 
Nationalities, China (grant No. 2011 COOS). 




Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: RZ2656). 
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4-(2,4-Dichlorophenyl)-5,5-dimethyl-2-(3-silatranylpropylmino)-l,3?2-dioxaphosphorinane 2-oxide 
Z,-R. Liu, X,-J, Tan, D,-J. Wang and Y. Wang 



1,3,2-Dioxaphosphorinane compounds have attracted many chemists' interest owing to their stereochemistry and wide bio- 
logical activities, such as fungicidal, insecticidal as well as herbicidal activities (Shi et al. , 2006; Sun et al. , 2006). y-Amino- 
propylsilatrane has been found to have good biological activity (Puri et al, 2011). In view of this and as a continuation 
of our research on the stereochemistry and biological properties of this class of compounds, we investigates 1,3,2-dioxa- 
phosphinane derivatives containing y-aminopropyl silatrane, including the title compound, (I), whose crystal structure is 
reported herein. 

The crystal structure of (I) (Fig. 1) reveals that the cyclic dioxaphosphorinane ring in the molecule adopts a thermo- 
dynamically stable cis conformation, while the silatrane fragment forms a cage-like structure in which there exists an in- 
tramolecular Si<— N donor-acceptor bond (Sil — ^N2 = 2.148 (4) A), which is remarkably longer than an usual Si — N single 
bond (1.7-1.8 A). In the crystal structure, molecules are linked by pairs of complementary N — H - 0 hydrogen bonds into 

centrosymmetric dimers, forming rings of graph-set motif 7?2 (8) (Table 1 ; Fig. 2). The dimers are further linked into ribbon 
parallel to the a axis by intermolecular C — H - 0 hydrogen bonds. 



The title compound was prepared according to the procedure of Wan et al. (2005). Suitable crystals were obtained by 
vapor diffusion of tetrahydrofuran (THF) at room temperature (m.p. 522-523 K). Elemental analysis: calculated for 
C20H3iCl2N2O6PSi: C 45.72, H 5.95, N 5.33%; found; C 45.89, H 6.11, N 5.22%. 



All H atoms were positioned geometrically and constrained to ride on their parent atoms, with C — H = 0.93-0.98 A, N — H 
= 0.86A, and with (7iso(H) = 1.2(7eq(C, N) or l.SU^AC) for methyl H atoms. 



Comment 



Experimental 



Refinement 



Figures 




Fig. 1. The molecular structure of the title compound with displacement ellipsoids drawn at 
the 50% probability level. H atoms are represented by circles of arbitrary size. 
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Fig. 2. A partial packing diagram of ther title compound, showing the intermolecular hydro- 
gen bonds (dashed lines). 



4-(2,4-Dichlorophenyl)-5,5-dimethyl-2-(3-silatranylpropylmino)- 1,3,2-dioxaphosphorinane 2-oxide 



Crystal data 

CaoHsiChNaOfiPSi 
M,-= 525.43 

Triclinic, PI 

Hall symbol: -P 1 
a = 10.7738 (12) A 
fe= 10.9320 (13) A 
c= 11.2807 (13) A 
a= 111.135 (2)° 
13 = 95.926 (2)° 
y = 90.424 (2)° 

V= 1231.2 (2) A^ 



_-3 



Z=2 

P(000) = 552 
Dx= 1.417 Mgm" 
An = 1-417 Mgm"^ 
Z)m measured by not measured 
Melting point = 522-523 K 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 1 174 reflections 
6 = 2.2-19.3° 

|i = 0.42 mm"' 
r=298K 
Needle, colorless 
0.20 x 0.15 x 0.08 mm 



Data collection 

Bruker SMART CCD area-detector 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

(p and CO scans 

6745 measured reflections 

4720 independent reflections 



2997 reflections with /> 2o(I) 



e,™x = 26.0°,i 
/! = -13->6 
A; = -13^13 
/ = -13^13 



, = 1.9° 



Refinement 

Refinement on F 
Least-squares matrix: full 

R[F^ > 2a(i^)] = 0.065 
wR(F^) = 0.m 
S= 1.00 
4720 reflections 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = V[a\Fo^) + {0.0969Pf] 
where P = {F^^ + IF^^yi 
(A/0)„,ax< 0.001 
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291 parameters Apmax = 0.36 e A 

0 restraints ^Pmin = -0.35 e 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiill covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d. 's involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on , convention- 
al /{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > c(F^) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, /{-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


U- *IU 


CI 


1.0122 (4) 


0.6821 (4) 


0.7954 (4) 


0.0437(11) 


C2 


0.9035 (4) 


0.7254 (4) 


0.8460 (4) 


0.0358 (9) 


C3 


0.8260 (4) 


0.7889 (4) 


0.7813 (4) 


0.0438 (11) 


H3 


0.7504 


0.8184 


0.8114 


0.053* 


C4 


0.8579 (4) 


0.8088 (4) 


0.6755 (4) 


0.0457(11) 


H4 


0.8037 


0.8499 


0.6337 


0.055* 


C5 


0.9678 (5) 


0.7691 (5) 


0.6316(4) 


0.0514(12) 


C6 


1.0482 (4) 


0.7019(5) 


0.6884 (4) 


0.0501 (12) 


H6 


1.1228 


0.6715 


0.6563 


0.060* 


C7 


0.8618(4) 


0.7051 (4) 


0.9614 (4) 


0.0379 (10) 


H7 


0.8979 


0.6255 


0.9680 


0.045* 


C8 


0.8945 (4) 


0.8210(4) 


1.0912 (4) 


0.0425 (10) 


C9 


0.8522 (4) 


0.9521 (4) 


1.0853 (5) 


0.0531 (12) 


H9A 


0.7647 


0.9443 


1.0554 


0.080* 


H9B 


0.8986 


0.9753 


1.0277 


0.080* 


H9C 


0.8666 


1.0190 


1.1690 


0.080* 


CIO 


1.0350 (4) 


0.8302 (5) 


1.1341 (5) 


0.0645 (15) 


HlOA 


1.0800 


0.8493 


1.0731 


0.097* 


HlOB 


1.0601 


0.7481 


1.1395 


0.097* 


HIOC 


1.0530 


0.8988 


1.2164 


0.097* 


Cll 


0.8290 (5) 


0.7924 (5) 


1.1928(4) 


0.0567 (13) 


HllA 


0.8597 


0.7124 


1.2011 


0.068* 


HUB 


0.8499 


0.8634 


1.2745 


0.068* 


C12 


0.4695 (4) 


0.7914(4) 


0.9460 (4) 


0.0436 (10) 


H12A 


0.5321 


0.8633 


0.9787 


0.052* 


H12B 


0.3910 


0.8250 


0.9763 


0.052* 


C13 


0.4549 (4) 


0.7405 (4) 


0.8012 (4) 


0.0423 (10) 


H13A 


0.3894 


0.6714 


0.7699 


0.051* 


H13B 


0.5320 


0.7014 


0.7720 


0.051* 


C14 


0.4239 (4) 


0.8422 (4) 


0.7415 (4) 


0.0454(11) 
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Atomic displacement parameters (A^) 
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^13 
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CI 
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0.0204 (5) 


Sil 


0.0385 (7) 


0.0367 (7) 


0.0372 (6) 


0.0038 (5) 


0.0048 (5) 


0.0140 (5) 



Geometric parameters (A, °) 



CI— C2 


1.368 (6) 


C14— Sil 


1.879 (4) 


CI— C6 


1.392 (6) 


C14— H14A 


0.9700 


CI— Cll 


1.754 (4) 


C14— HUB 


0.9700 


C2— C3 


1.400(5) 


C15— 04 


1.429 (5) 


C2— C7 


1.508 (5) 


C15— C16 


1.509 (7) 


C3— C4 


1.365 (6) 


C15— H15A 


0.9700 


C3— H3 


0.9300 


C15— H15B 


0.9700 


C4— C5 


1.345 (6) 


C16— N2 


1.472(6) 


C4— H4 


0.9300 


C16— H16A 


0.9700 


C5— C6 


1.390 (6) 


C16— H16B 


0.9700 


C5— C12 


1.739 (5) 


C17— 05 


1.420 (5) 


C6— H6 


0.9300 


C17— C18 


1.501 (7) 


C7— 01 


1.458 (5) 


C17— H17A 


0.9700 


C7— C8 


1.557 (6) 


C17— H17B 


0.9700 


C7— H7 


0.9800 


C18— N2 


1.467 (5) 


C8— Cll 


1.527 (6) 


C18— H18A 


0.9700 


C8— C9 


1.529 (6) 


C18— H18B 


0.9700 


C8— CIO 


1.532 (6) 


C19— 06 


1.405 (5) 


C9— H9A 


0.9600 


C19— C20 


1.522 (6) 


C9— H9B 


0.9600 


C19— H19A 


0.9700 


C9— H9C 


0.9600 


C19— H19B 


0.9700 


CIO— HlOA 


0.9600 


C20— N2 


1.475 (6) 


CIO— HlOB 


0.9600 


C20— H20A 


0.9700 


CIO— HIOC 


0.9600 


C20— H20B 


0.9700 


Cll— 02 


1.454 (5) 


Nl— PI 


1.592 (3) 



sup-5 



supplementary materials 



1 TU 1 1 A 


u.y /uu 


"\T1 XJ1 

JN i — Hi 


A O/iAA 

U.ooUU 


CI i — ^ril Id 


A mAA 

u.y /uu 


JNz — bli 


z.i4o (4) 


1 O M 1 

Clz — ^JN 1 


i.4/4 (jj 


Ui ^T^i 


i.joj (i) 




i. J it ^^j ^ 


09 PI 




CXI — H12A 


0.9700 


03 — ^Pl 


1.465 (3) 


C12 — ^H12B 


0.9700 


04 — Sil 


1.657 (3) 


C13 — C14 


1.517 (5) 


05 — Sil 


1.665 (3) 


C13 — ^H13A 


0.9700 


06 — Sil 


1.664 (3) 


C13 — ^H13B 


0.9700 






i^'i i^i r^£i 
Cz — Ci — Co 


Vli.i y\) 


U4 — C15 — ClO 


1 AO <t t A\ 

lUS.S (4J 


Cz — C i — CI i 


111 iC 
izi.O (jj 


r\A c xji c a 
U4 — L.1 J — ^MIDA 


1 AA A 

loy.y 


Co — Ci — Cli 


1 1 C 1 

ilD.i \i) 


/^liC /^1C XJI C A 

ClO — CI J — HID A 


1 AA A 

luy.y 


/^i r^i 
CI — Cz — C3 


11/; 1 //I \ 
11 0.1 (4) 


i^A C UI CD 

04 — CI J — HOB 


1 AA A 

luy.y 


i^l 

CI — Cz — C/ 


11/1 /; //I \ 
124.0 (4) 


Clo — CIS — HOB 


1 AA A 

luy.y 


/^"i /^O /^T 

Ci — Cz — C / 


liy.i (4J 


XJ 1 C A 1 C XJ 1 CXD 

HIDA — L.1 J — HIDB 


1 AO 

lUS.i 


t^A r^i /^o 
C4 — Ci — Cz 


1 n 1 
Izz.l (4J 


TVT1 1 iC 1 C 

JN2 — L-lO — L/ID 


1 A/C 1 tA\ 

lUo.l (4J 


r^A r^"^ TUT 
C4 — Ci — Hi 


1 1 n A 
1 IV.U 


"\T1 £i XJ1/CA 

JN2 — Clo — HI OA 


1 1 A C 

1 1U.5 


f^i i_n 
Cz — Ci — Hi 


linn 


/"'ic £. xji/;a 
CO — Clo — HloA 


1 1 A C 

11U.5 


/^c /^/i /^"i 
Cj — C4 — Ci 


IzU.U (4J 


XT1 /"'liC XJI iCXD 

JN2 — Clo — ^HloB 


1 1 A C 

11U.5 


/^C TU/I 

Cj — C^l — H4 


1 ">n A 
IzU.U 


1 c 1 /; xji/;x> 
C 1 J — C 1 0 — H 1 OB 


1 1 A C 

11U.5 


Ci — C'H H4 


1 OA A 

IzU.U 


XJI/; A 1 /: XJI ^x> 
H 1 OA — C 1 0 — H 1 OB 


1 AO 1 

lUS. / 


r^A r^z r^c 
C4 — Cj — Co 


111 1 //I \ 

121. J (4) 


c\z r^^ n /^io 
(J5 — CI / — CIS 


1 AO C\ i A \ 

lus.y 


C4 — Cj — Clz 


1 1 y . / (4j 


r\c r'Tn XJI T A 
UD — CI / — ^Hl / A 


1 AO Q 

luy.y 


r^c i^Ti 
Co — Cj — Clz 


1 1 O A //I \ 

uo.y (4) 


/^10 /^11 XJ11A 

C 1 5 — C 1 / — H 1 / A 


1 AA A 

luy.y 


r^£i i^i 
Cj — Co — CI 


I 1 T T i A\ 

II 1.1 (4J 


/^C /"'IT XJI TXD 

U5 — CI / — ^Hl /B 


1 AA A 

luy.y 


/^c r^ti xjiC 
Cj — Co — Ho 


m /I 
121.4 


/^io /^n xjnxD 
Clo — CI / — HI /B 


1 AA A 

luy.y 


/^i r^a xjiC 
Ci — Co — Ho 


1 11 A 

121.4 


XJ 1 T A 1 T XJ 1 TXD 

HI /A — CI / — HI /B 


1 AO 

lUS.i 


/~\i r^n r^"* 
Ui — C/ — Cz 


1 AC 1 /"3\ 

1U5.1 (3) 


"\T1 /^ 1 O /^ 1 1 

JN2 — CIS — CI / 


1 A/; 1 /'/I \ 
lUo.2 (4) 


f\A r^n i^Q 
Ui — C / — Co 


1 AO 1 /"3\ 

iuy.2 (^j J 


ATI /^ 1 O XJ 1 O A 

rs2 — CIS — ^HISA 


1 1 A C 


/^n /^o 
Cz — C / — Co 


1 1 C 

IID.O (jj 


/^1T /^1 O XJI O A 

CI / — CIS — HISA 


1 1 A C 

11U.5 


Ui — C / — n/ 


1 AO A 


Ml /^l O XJI OXD 

JN2 — CIS — ^HISB 


1 1 A C 


/~^'^ /~^n un 
Cz — C / — H / 


1 AO A 


^^^^ /^lo xjioxd 
C 1 / — C 1 S — H 1 SB 


1 1 A C 

11U.5 


/~^o r^n TUT 
Co — C / — H / 


1 AO A 


XJ10A /^10 XJIOXD 

H 1 S A — C 1 S — H 1 SB 


1 AO n 
IDS. / 


/^i 1 r^o r^c\ 

Ci i — Co — cy 


1 AO iC I A\ 

lus.o (4) 


/^/C /^1 A /^1A 

uo — c 1 y — C2i) 


1 AO A t A\ 

lUS.y (4; 


Ci i — Co — CiU 


1 A/; "7 //I \ 
lUO. / (4) 


/^/; /^ 1 A XJI A A 

Uo — c 1 y — H 1 y A 


1 AA A 

luy.y 


r^c\ r^Q (\ 
CV — Co — C i (J 


1 1 A 1 //I \ 

1 1U.2 (4) 


/^1A /^ 1 A XJ1AA 

C2U — c 1 y — H 1 y A 


1 AA A 

luy.y 


Ci i — Co — C/ 


1 AO Q /^Q \ 

lUs.J 


/^ 1 A XJIAXD 

(Jo — c 1 y — H 1 yB 


1 AA A 

luy.y 


/^n /^o 

cy — Co — c / 


1 1 1 "I 

112.j (jj 


/^1A /^1A XJI AX> 

C2(j — c 1 y — H 1 yB 


1 AA A 

luy.y 


CiU — Co — C / 


1 1 A C ( A\ 

1 1U.5 (4J 


XJ 1 A A /^ 1 A XJ 1 AXD 

HiyA — ciy — HiyB 


1 AO 1 

lUS.j 


f~^Q r^c\ Tun A 

Co — cy — HyA 


1 AA C 


"\T1 /^1A /^1A 

iN2 — C2U — ciy 


1 AC 1 /"/I \ 

1U5.2 (4J 


Co — Cy — Hyii 


1 AA C 


Ml /^1A XJ1A A 

JN2 — C2U — ^H2UA 


1 1 A T 


HyA — cy — ^Hyts 


1 AA C 


/^1A /^1A XJI A A 

C 1 y — C2(J — H2U A 


1 1 A T 
IIU. / 


Co — cy — Hyc 


1 AA C 


"\T1 /^1A XJ1ATD 

JN2 — C2U — H2UB 


1 1 A 1 
1 lU. / 


H9A — C9 — ^H9C 


109.5 


/^ 1 A /^1A TT1AX> 

C 1 y — C20 — H20B 


110.7 


H9B— C9— H9C 


109.5 


H20A— C20— H20B 


108.8 


C8— CIO— HlOA 


109.5 


C12— Nl— PI 


125.4 (3) 


C8— CIO— HI OB 


109.5 


C12— Nl— HI 


117.3 


HlOA— CIO— HI OB 


109.5 


PI— Nl— HI 


117.3 


C8— CIO— HIOC 


109.5 


C18— N2— C16 


114.4(4) 



sup-6 



supplementary materials 



HlUA — ClU — hllUC 


1 An c 


XJ1AD /~^^f\ 'u^f\/~^ 


1 An z 


Uz — Cll — Co 


111 O 

llz.o \p) 


Uz — Cll — ^rlllA 


1 AO A 


Co — Cll — HllA 


1 An A 


/"^ 1 1 LJ 1 1 D 

Uz — Cll — ^ril Id 


1 An A 


/^O 1 XJl 1 D 

Co — Cll — ^rillrJ 


1 An A 


XJ11A XJ11D 

Mil A — Cll — Ml Id 


1 AT O 

lU/.o 


N 1 — Clz — C13 


111 n 

111.7 (3) 


JN 1 — Clz — MlzA 


1 An 1 


XJ11A 

Cli — Clz — ^MlzA 


1 An 


JN 1 — Clz — Ml ZD 


1 An 1 

iuy.3 


CI 3 — Clz — MlzD 


1 An 1 

luy.i 


MlzA — Clz — MIZd 


1 c\n n 


Clz — CI 3 — C14 


lie /I 

llD.4 (ij 


Clz — CI J — Ml JA 


1 AO A 


C14 — CI J — ^Ml JA 


1 AO /I 

lUo.4 


Clz — Cli — ^MUd 


1 AO /I 

lUo.4 


C14 — CI 3 — ^Mlio 


1 AO /I 

lUo.4 


XJl 1A /"'I'l XJIIXD 

M 1 J A — C 1 3 — M 1 io 


1 AT C 


pi -2 pi 4 1 




C13 — C14 — ^H14A 


108.7 


Sil — C14 — H14A 


108.7 


C13 — C14 — H14B 


108.7 


Sil — C14 — H14B 


108.7 


H14A — C14 — H14B 


107.6 


/-i/r /-^o /~''2 


1.9 (6) 


/"'1 1 /"'I r^'^ r^i 
CI 1 — C 1 — C/ — C J 


1 nt:. A /"3\ 
— 1 /0.4 (3) 


/"ii /"IT /~"7 


1 Tn o /'/I \ 
1 /y.o (4j 


/-111 Z-*! /-l/^ /-^T 

CI i — L. i — L.2 — L. / 


1.5 (6) 


/-"^ /-'/I 
L.1 L-2 L.J L-4 


-1.2 (6) 


/-'T r^'^ r^i A 
C / — C/ — — C4 


1 Tn T //I \ 
— 1 /y.z (4) 


/-'C 

Cz — — C4 — CD 


1 T /"7\ 

-1.2 (7) 


/-^"i /-^/i /-^c r^a 
Ci — C4 — CD — Co 


3.1 (7) 


Ci — C^l CD — Clz 


— VI 1 .1 (4) 


f^A f^i^ 

C4 — C J — Co — C 1 


-2.4 (7) 


Clz — CD — Co — C 1 


1 TO /I //I \ 

1 /o.4 (4) 


r^/i r^c 
Cz — C 1 — Co — CD 


-0.2 (7) 


Cll — CI — Co — CD 


1 TO T {1\ 
1 /5.Z (3) 


/"'I r^n 

Ci — Cz — C / — (J i 


1/11 V\ { A\ 

— 143.y (4) 


r^i /""I t~^n ^\^ 
C j — Cz — C / — (J 1 


33.9 (5) 


/-II r^o 

Ci — Cz — C / — Co 


yD.O (DJ 


r^i r^'^ r^n r^Q 
CJ — Cz — C / — Cs 


-60. D (D) 


r^n r^o /-'i i 

0 1 — C7 — Cs — C 1 1 


53.4 (4) 


C2— C7— C8— Cll 


171.6(4) 


01— C7— CS— C9 


-66.6 (4) 


C2— C7— C8— C9 


51.6 (5) 


01— C7— C8— CIO 


169.9 (3) 


C2— C7— C8— CIO 


-71.8 (5) 



1 O ATI /^TA 

C 1 o — JN Z — CzU 


1 1 1 T ( A\ 

113./ (4) 


Clo — JNz — CzU 


1 1 1 1 ( A\ 

113.3 (4) 


1 O MO C ; 1 

Clo — JNz — ail 


1 (\A C\ (1\ 

1U4.V (3) 


Clo — JNz — bll 


1U4.3 \p) 


i^OA MO Cil 

CzU — JN z — 1 


1 A /I n 
lU4.y (3) 


C / — Ul — 1 


1 OA /'0\ 

IzU.O (z j 


/^ii T>1 

Cll — Uz — j^l 


11/11 
114.1 (3j 


C 1 J — U4 — b 1 1 


1 00 o cw 


1 T C\Z. 1 

CI / — Uj — oil 


1 Ol A /"3\ 

lz3.U (3) 


1 n r^/^ Cll 

c 1 y — uo — bi 1 


1 OQ O 

1Z3.0 (3 ) 


r\i x>i /^i 

U3 — ^rl — Ul 


1 1 TC /I o\ 

113. /D (lo) 


U3 — r 1 — Uz 


111 /^n /'I n\ 
1 13.oy (1 /J 


c\^ T>i r\'^ 
Ul — r 1 — Uz 


1 m 1 "7 / 1 
lUZ.l / (Id) 


/"^T T>1 Ml 

U3 — 1 — JN 1 


11/1 1 z /i o\ 
114. /D (lo) 


rw x> 1 XT 1 
Ul — 1 — JN 1 


1 AC CI /I ii\ 

1U5.D1 (lo) 


/~\0 T>1 "\T1 

Uz — r 1 — JN 1 


1 AC TO /" 1 0\ 

IUd. /s (lo) 


C\A C;i C\£i 

U4 — bll — Uo 


1 1 o An ^^ t\ 

Uo.uy (1 /) 


C\A Cil 

U4 — b 1 1 — U J 


I n /lo /"I T^ 

II /.4y 


r\c. c;i 

Uo bll Uj 


1 0A A/i /"I T^ 
IzU.Uo \ v 1) 


C\A Ci 1 r^^ A 

U4 — bl 1 — C 1 4 


nT o /i o\ 
y /.jz (lo) 


CsfK Qil PlzL 

wo oil V_/i'4- 


n/; ZA (\ Si\ 
yyj.J'-T \Vo) 


05 — Sil — C14 


96.87 (16) 


04 — Sil — ^N2 


83.46 (15) 


06 — Sil — ^N2 


82.74 (14) 


05 — Sil — N2 


82.90 (14) 


C14 — Sil — ^N2 


178.98 (19) 


Ciy — CzU — JNz — 5>li 


lAn /A\ 
—34. / (4 j 


Cz — C / — (J 1 — r 1 


1 Tn O /OA 

— 1 /y.o yl) 


r'Q r^n di 
CS — C / — Ul — 1 


CC O 

-55.2 (4) 


Co — C i i — Uz — r i 


AO 0 /'c^ 

OZ.Z \p ) 


Cio — CiD — U4 — aii 


0/i Q /"C^ 

— zo.o \p ) 


CIS — Ci / — OD — bll 


oo c 

— zo.j p) 


CzU — C 1 y — UO — bl i 


OT C /'C\ 

— Z /. J p j 


r^n D1 C\1 

C / — Ul — 1 — Uj 


T1 T {1\ 

-71.7 (3) 


C/ — Ul — rl — Uz 


C 1 T /"I \ 

51.2 (3) 


C / — Ul — r 1 — JN 1 


1/^1 T /I \ 

lol./ (3) 


Cll — Uz — r 1 — yji 


T 1 /I \ 

71.4(3) 


Cii — Uz — rl — Ui 


c 1 a /i\ 
— Dl.O (3) 


Cll — Uz — r 1 — JN 1 


1 1 T 

—lol. / (3) 


CiZ — JN 1 — i — UJ 


— lOZ. / (3) 


CiZ — JNi — ^ri — Ui 


— 3o.O (4) 


CiZ — JN 1 — i — Uz 


T1 O ^A\ 

71.2 (4) 


/-'IC f\A Cii /-V/C 

CID — U4 — all — Uo 


Sz.D (4) 


C15 — U4 — Sil — U5 


—74.1 (4) 


C15— 04— Sil— C14 


-175.9 (4) 


C15— 04— Sil— N2 


4.3 (4) 


C19— 06— Sil— 04 


-73.6 (4) 


C19— 06— Sil— 05 


82.4 (4) 


C19— 06— Sil— C14 


-175.7 (4) 



sup-7 



supplementary materials 



cy — Co — C 1 1 — U/ 


0Z.5 p) 


ClU — Co — Cil — (Jz 


— 1 /O. / 


L. / — Co — C 1 1 — Uz 


cA n iz\ 

—yj. / (3) 


JN 1 — Ciz — Ci j — Ci4 


—1/0./ (4J 


CI 2 — CI J — C14 — bll 


1 TO T /"3\ 

1 /o.z (i) 


U4 — C 1 J — C 1 0 — JN L 


41). U p ) 


UD — CI / — CliS — SSI 


'5A A 


Uo — C i y — C2U — Nz 


ylA A 

4U.U p J 


Clo — Clz — IN 1 — r 1 


AO A //lA 

y^.u (4) 


CI / — Clo — iNz — ClD 


^ An £. ^A\ 
— 14/.0 {4) 


CI / — Clo — JNz — CzU 


OA 1 

OO. 1 (4) 


CI / — Clo — Nz — 31 1 


—33.9 (4) 


C15— C16— N2— C18 


79.0 (5) 


C15— C16— N2— C20 


-148.5 (4) 


C15— C16— N2— Sil 


-35.1 (4) 


C19— C20— N2— C18 


-148.7 (4) 


C19— C20— N2— C16 


78.4 (5) 



1 A /^/; c:i XT') 
Ciy — Uo — 511 — JNz 


5.0 (3) 


CI / (Jj — all U4 


oj.l (4) 


CI / — UD — all — (Jo 


-71.1 (4) 


CI / — UD — all — C14 


1 T 
—1 /Z. / (4J 


/^IT Cil "\TO 

CI / — (JD — oil — JNz 


6.3 (4) 


CIJ — C14 all — (J4 


— o4.Z (4) 


Clj — C14 — all — UO 


JJ.4 (4j 


Cli — C14 — all — UD 


1 /o.o (ij 


1 O ATT c:i /^/1 

Clo — JNz — bll — U4 


— lUl . J (3) 


1 /; MT c;i i^A 
C 1 0 — JN Z — ai 1 — (J4 


19.1 (3) 


/^OA Ml c;i r\A 
CzU — JNz — all — U4 


1 "20 A 

lio.4 (i) 


/^io MT c;i /^/c 
C18 — Nz — all — (Jo 


1 1A A 

139.0 (3) 


C16— N2— Sil— 06 


-100.4 (3) 


C20— N2— Sil— 06 


19.0(3) 


CIS— N2— Sil— 05 


17.4(3) 


C16— N2— Sil— 05 


138.0 (3) 


C20— N2— Sil— 05 


-102.7 (3) 



Hydrogen-bond geometry (A, °) 

D—H-A D—H R-A D-A D—\i-A 

Nl— Hl-03' 0.86 2.05 2.857 (5) 155. 

C6— H6-06" 0.93 2.45 3.332 (6) 158. 

Symmetry codes: (i) -x+1, ^v+1, -z+2; (ii) x+1, y, z. 
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